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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an improved s 
light admitting themial Insulating structure which pre- 
vents heat loss by thermal radiation, convection and 
conduction, including controllable transmission and/or 
reflection and/or absorption to light, and a convection 
baffle which transmits light and thermal radiation or to 
"CBTLTR" to prevent convection loss. 
[0002] Conventional collectors of solar heat include a 
dark absorber surface that turns sunlight into heat and 
a transparent cover for this surface to prevent the heat 
from escaping. The thermal collection efficiency of such 
a system is determined by the ratio of the resistance to 
the flow of heat of the transparent cover to the resistance 
of the rest of the system. By increasing the themial re- 
sistance of the transparent cover without greatly reduc- 
ing Its light transmission, the efficiency and/or operating 20 
temperature of the solar heat collector can be greatly 
improved. It Is estimated that two or three times the en- 
ergy consumed in heating a well insulated building fails 
on its surface in the form of sunlight. Thus, an insulation 
that is transparent when the sun shines would provide 25 
most of the heating for a structure over most of the Unit- 
ed States if it Is coupled with a heat storage system for 
cloudy weather. 

[0003] In the past the problems of heat loss through 
conduction, convection and thennal radiation (also 30 
called far infrared radiation) and control of sunlight have 
been dealt with independently. For example, convection 
and conduction losses are reduced using spaces filled 
with some fine structural material without consideration 
of admission of sunlight. Further, sunlight has been 35 
blocked using coatings of layers on windows to prevent 
room overheating but without consideration of a tech- 
nique for admitting more sunlight when it is desired to 
increase the heat in the room. Thermal radiation loss 
has been of little concern since in the latter situation heat 40 
loss is desirable and in the former it Is not considered. 
[0004] Since the heat losses by conduction, convec- 
tion and radiation are in parallel to each other and are 
of similar magnitudes, an Insulation is ineffective unless 
all three are dealt with simultaneously, as heat will leave 
by the path of least resistance. 
[0005] To best understand the invention, reference is 
made to 4 the Concise Encyclopedia of Science & Tech- 
nology . Second Edition, McGraw Hill (1989) for a gen- 
eral definition of tenms. Specifically, reference is made 50 
to Solar Optical Materials , edited by H. G. Hutchins, Per- 
magon Press (1988); Transparent Insulation Materials 
and Transparent Insulation T2 . both edited by L. F. Je- 
sch, Franklin Co. Consultants Ltd. for the Gennan Solar 
Energy Society (1 986 and 1 988, respectively); Large Ar- ss 
ea Chromogenics , edited by C. M. Lampert, SPIE Opti- 
cal Engineering Press (1988); Spectral Selective Sur- 
face for Heating and Cooling Applications . C. G. Gran- 



qvist, SPIE Optical Engineering Press ( ); Optical Mate- 
rials Technology of Energy, Efficiency and Solar Energy 
Conversion , edited by C. G. Granqvist, Vol. 9 (1990), 
Vol. 8 (1989), Vol. 7 (1988); Material & Optics for Solar 
Energy Conversion and Advanced Lighting Technology , 
edited by C. M. Lampert, SPIE Optical Engineering 
Press ( 1 986) ; Solar Glazing, Mid Atlantic Energy Asso- 
ciation, Topical Conference (1 979); and Thermal Shut- 
ters and Shades , W. A. Shurcllff, Brickhouse Press, An- 
dover, Mass. ( ). These publications set forth a compre- 
hensive overview oftechnology related to this invention. 
[0006] A light admitting insulation may be used in con- 
junction with an optical shutter to regulate light trans- 
mission while preventing the flow of heat. The optical 
shutter may be a layer or layers covering an aperture. 
The shutter may be reversibly activated by: (1 ) its local 
temperature (thennochromic); (2) incident light intensity 
(photochromic); (3) both temperature and light(thermo- 
photochromlc); or (4) an electric current or field (elec- 
trochromic). The combination of transparent insulations 
with a thermochromic optical shutter is the subject of U. 
S. Patents 4,085,999 and 3,953,1100 by the applicant 
herein. Thermochromic and thennophotochromlc shut- 
ters, not in combination with a transparent insulation, 
arethesubjectof U.S. Patent 4,307,942 and U.S. Patent 
5377042 by the applicant herein entitled "Structure and 
Preparation of Automatic Light Valves," filed on Decem- 
ber 31 , 1 986. See also, " Thinking Window Switches off 
the Sun When it is Hot" , popular Science, March. 1984, 
and my article " Contractor Designed Passive Heating, 
Cooling, and Dayliqhting" , U.S. Passive Solar Confer- 
ence (March 1990). 

[0007] WO-A-921 6702 (EP-A-57241 1 ) was published 
after the priority date of the present application and so 
falls within the temis of Art 54(3) EPC. This patent ap- 
plication describes a light admitting thennal insulating 
structure which allows light to pass into it while reducing 
the amount of heat energy which can pass through the 
structure. This disclosure describes a structure having 
controllable admission of light and may include a parti- 
tion means between the outer and inner layers of the 
structure. The partition means divides the space be- 
tween the outer and Inner layers into compartments. 
The structure also includes a device for suppressing 
thermal radiation and a variable transparency device. 
[0008] According to this prior art there is provided a 
thennal insulating layered structure with variable admit- 
tance for solar energy, the structure comprising: 

an outdoor cover layer (511) of transparent weath- 
er-resistant material; 

at least one solar energy admitting thermal insula- 
tion layer for which the value of TxR is not less then 
0.35 in units of: light transmission x *C x m^/W 
(which equals 2 in units of percent light transmission 
X 'F X hr. X sq. ft/BTU) where T is the light transmis- 
sion and R is the thermal resistance in 'C x m2/W 
(*»F X hr. x sq. ft/BTU) ; 
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at least one layer (502, 509) of optical shutter ma- 
terial having solar energy transmission which is var- 
iable; and 

an indoor cover layer (515) which is substantially 
parallel to the outdoor cover layer (511) and which 5 
either prinnarily transmits or primarily absorbs solar 
energy; 

the layers being formed into a building panel (90) 
with the insulation and shutter layers disposed be- 
tween the indoor and outdoor cover layers (511, io 
515) and with seals and spacers (64, 505, 85) dis- 
posed between at least some of the layers which 
are adjacent to each other. 

[0009] None of the patents or application mentioned is 

above provides the important advantages of addressing 
all fornis of heat losses and heat uses for particular ap- 
plications including the combination of a transparent in- 
sulation with a layer of optical shutter. 

20 

SUMMARY OF THE INVENTION 

[0010] It is an object of this Invention to provide an 
improved light admitting thermal insulating structure 
which simultaneously substantially reduces heat loss by 25 
thermal radiation, convection and conduction. 
[001 1 ] It Is a further object of this Invention to provide 
a light admitting thermal structure (Including a convec- 
tlon baffle) having controllable transmtsslvlty to light. 
[0012] It is a further object of this invention to provide 30 
a simple, inexpensive light admitting insulating system 
for improving the efficiency of collectors for solar space 
cooling, water heating and reducing heat losses through 
windows as well as improving the efficiency of solar 
space heating systems. 3s 
[0013] According to the invention, there is provided a 
thermal insulating layered structure with variable admit- 
tance for solar energy, the structure comprising: 

an outdoor cover layer of transparent weather-re- 40 
sistant material; 

at least one solar energy admitting thenmal insula- 
tion layer for which the value of TxR Is not less than 
0.35 in units of light transmission x *'C x m^/W (2 in 
units of percent light transmission x °F x hr. x sq. ft/ -^5 
BTU) where T is the percent light transmission and 
R is the thennal resistance in •C x m^/W (*F x hr. x 
sq. ft/BTU); 

at least one layer of optical shutter material having 
solar energy transmission which is variable; and so 
an indoor cover layer which is substantially parallel 
to the outdoor cover layer and which either primarily 
transmits or primarily absorbs solar energy; and 
a layer of heat storage material adjacent to the in- 
door cover layer; ss 
the layers being formed into a building panel with 
the Insulation and shutter layers disposed between 
the indoor and outdoor cover layers and with seals 



and spacers disposed between at least some of the 
layers which are adjacent to each other. 

[001 4] In more detail, the structure includes a convec- 
tion baffle which transmits light and themnal radiation 
and one or more low emisslvlty layers, as well as an op- 
tical shutter which controls light transmission. Also, the 
structure may Include an antireflection coating having 
low light and thermal radiation absorption disposed on 
one or more of the baffle surfaces. Further, the baffle 
may be constructed from a polyolefin selected from the 
group consisting of very high crystallinity polyethylene 
or very low crystallinity polyethylene thereby defining 
very low polyethylene. 

[0015] Further, the structure of the present invention 
can be constructed as a thermal insulating building pan- 
el having controllable light transmission. A panel com- 
prises a convection baffle which transmits light and ther- 
mal radiation between the Inside and the outside of the 
panel, one or more low emissivity layers near the out- 
side surface of the building, and an optical shutter layer 
near the inside of the building. It is pointed out that the 
invention is not limited to the structure described, but is 
intended to broadly cover processes of converting inci- 
dent light to other forms of energy by using the inventive 
light admitting thermal insulating structure. 
[0016] The basic novel Improvements over the prior 
art are: 

1. A convection supressor which is transmissive 
rather than absorbing or reflective of thermal radia- 
tion. 

2. A antireflection coating of the above baffle which 
is also transparent to thermal radiation. 

3. A light absorber which is incorporated into the 
light transmitting structures of prior art, e.g., into the 
thermal radiation reflector. Thus, most claims refer 
to a "light admitting structure," a term which in- 
cludes both novel light absorbing structures and the 
prior art light transmitting structures with an added 
absorber. 

4. New material in this application Includes incorpo- 
ration of thennal storage and interior finish into the 
claimed structures. 

[0017] As pointed out in greater detail below, this in- 
vention provides Important advantages. Heat losses (by 
conduction, convection and radiation) are all dealt with 
simultaneously which prevents heat loss by the path of 
least resistance. Further the combination of a transpar- 
ent insulation with a layer of photochromic or thermo- 
photochromic optical shutters prevent the flow of heat 
and heat loss while regulating the flow of light. 
[0018] The invention itself, together with further ob- 
jects and attendant advantages, will best be understood 
by reference to the following detailed description taken 
in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Figure 1 is a block diagram showing the functional 
components of the light admitting thermal! nsulating 
system; 

Figure 2 shows a convection baffle which transmits 
light and thermal radiation ("CBTLTR") suitable for 
suppressing convective heat transfer dividing a 
cavity into compartments oriented approximately 
parallel to the aperture it covers; 
Figure 3 shows a CBTLTR suitable for suppressing 
convective heat transfer dividing a cavity into com- 
partments oriented approximately perpendicular to 
the aperture it covers; 

Figure 4 shows a CBTLTR suitable for suppressing 
convective heat transfer dividing a cavity into com- 
partments using parallel sheets within a frame sup- 
porting the edges of the sheets; 
Figure 5 is a cross section of light admitting thermal 
insulating structure using an illustrated modification 
of the CBTLTR of Figure 4 to illustrate the nature 
and type of each surface and layer; 
Figure 6 is a transparent insulation which is another 
embodiment of the light admitting thennal insulating 
structure of Figure 5; 

Figure 7 shows the dependence of light transmis- 
sion on both temperature and incident tight intensity 
for a typical thermophotochromic optical shutter; 
Figure 8 shows in cross section a light transmitting 
building panel such as a window, skylight, or other 
solar collector, which is another embodiment of Fig- 
ure 5 using an optical shutter; 
Figure 9 is a cut away view of the panel of Figure 8; 
Figure 1 0A shows the various possible locations of 
all of the necessary and optional layers to the light 
admitting structure; 

Figure 10B shows the identity of the various possi- 
ble layers depicted in Figure 10A; and 
Figure 1 1 shows in cross-section a light transmitting 
building panel having a sealed structure containing 
heat storage material. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Turning now to the drawings, Figure 1 is a 
block diagram showing the functional components of the 
light admitting thermal insulating structure according to 
the invention. Figure 1 is a functional block diagram of 
a light admitting thermal insulating structure 10 having 
controllable transmissivity to light. The insulating struc- 
ture 10 includes means for suppressing convection, 
conduction and thermal radiation heat losses, e.g., con- 
vection suppressor 12, conduction suppressor 14, and 
thermal radiation suppressor 16 which may include a 
low emissivity layer. For illustrative purposes, each of 
the suppressor 12, 14, 16 of thennat transport mecha- 



nisms extend over the whole system but are shown dis- 
tinctly for convenience in explanation. Actually they are 
superimposed. 

[0021] A light control 18, such as an optical shutter, 
5 adjusts the transmissivity of the structure 10 to light in 
accordance with the desired illumination level or the 
temperature of the area whose environment is to be con- 
trolled. As shown in Figure 1, the incident light 11 may 
pass through the light control 18 to provide transmitted 
10 light 13 or may be reflected to become reflected light 15. 
If it is transmitted, it may be absorbed on light absorber 
1 7 which may or may not be an integral part of the struc- 
ture. 

[0022] The conduction suppressor 1 4 may be provid- 

is ed through the use of two or more spaced layers forming 
at least one compartment with a gas, vacuum or other 
medium therein to prevent conduction. 
[0023] The thermal radiation suppressor 16 may In- 
clude one or more coatings or layers of material which 

^ reflect and do not emit thermal radiation to prevent its 
transmission. These layers are called low emissivity lay- 
ers. They may be transparent or may absorb fight. The 
transmitted light 13 may then be absorbed in light ab- 
sorber 1 7, where it turns into heat. If the light absorber 

25 1 7 Is part of the structure, then it may also be combined 
with the thermal radiation suppressor, herein called a 
"light absorbing low emissivity layer." 
[0024] The convection suppressor 12 may include 
compartmentalizing the space between the layers or 

30 providing a vacuum therein. Another example of a ther- 
mal and convection suppressor is a finely structured, 
low density silica or other oxlde(s) foam called "aerogel". 
The compartmentalizing may be accomplished by baf- 
fles or partitions which extend transversely between the 

35 layers and/or parallel to the layers, such as a CBTLTR, 
to restrict convective heat transport. 
[0025] As illustrated in Figures 2, 3 and 4, a convec- 
tion baffle which transmits light and thennal radiation 
("CBTLTR") can be made from a thin sheet or film of a 

40 light and thermal radiation transparent material, its func- 
tion is to divide a gas filled cavity into compartments, 
and to thereby suppress convective heat transfer by the 
gas inside the cavity. 

[0026] In Figure 1 , the CBTLTR is an example of the 
45 convection suppressor 12. Figures 2, 3 and 4 show 
three possible configurations for CBTLTRs which ail di- 
vide a cavity into compartments, and thereby suppress 
convective heat transfer. 

[0027] Figure 2 shows a CBTLTR made from a poly- 
50 olefin film 21 (for example; polyethylene) which may be 
heat sealed 22 together or assembled by another state 
of the art means. This embodiment of a CBTLTR has its 
compartments 23 oriented approximately parallel to the 
aperture it covers. 
55 [0028] Figure 3 shows a CBTLTR 30 fonned from a 
honeycomb whose plurality of compartments 31 are ori- 
ented approximately perpendicular to the aperture it 
covers. This example of a CBTLTR may also be made 
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from polyethylene film 32. 
[0029] Figure 4 shows a CBTLTR 40 formed from par- 
allel sheets 41 with a frame 42 supporting the edges of 
the sheets. The sheets may be made from polyethylene 
film. 

[0030] Figure 5 shows a light admitting thermal insu- 
lating structure where each surface and layer of the 
structure are labelled according to the specific function 
performed, e.g., such as CBTLTR 512, 513, 514 of the 
Figure 4; cover sheet 515, inner surface transparent 
cover sheet 502, etc. By changing what the surfaces and 
layers are, this figure will be used to illustrate most of 
the remaining embodiments of this invention. The scope 
of these embodiments are not limited to Figure 5, how- 
ever, since Figures 2 or 3 or some other configuration 
could have been used as easily as Figure 4 as the basis 
for the figure illustrating the following discussion. For ex- 
ample, while the number of layers shown is five, this 
number is arbitrary, and is only for the purposes of illus- 
tration only. Further, because of the general nature of 
Figure 5 in illustrating numerous spatial relationships 
between the various layers and surfaces, other embod- 
iments as hereinafter described may refer to the identi- 
fying numerals of the layer or surface as different ele- 
ments. 

[0031] The CBTLTR helps keep heat from being 
transmitted by not absorbing thermal radiation. If the 
CBTLTR were made of a thermal radiation absorbing 
and emitting material (that is if it had a high emissivity), 
then this material would transfer the heat it absorbs from 
convection of the gas into themial radiation, which 
would then transfer the heat out. 
[0032] Convection baffles which are transparent to 
thermal radiation are made of an ultra-clear sunlight-re- 
sistant polyethylene. Their function is to inhibit convec- 
tion currents within the air spaces of weather panels 
without interfering with the operation of the low emissiv- 
ity coated glass or film. The special formulated and proc- 
essed polyethylene, unlike most plastics, is 90 percent 
transparent to long-wave infrared radiation, the kind that 
transfers heat. (If the baffles absorbed much infrared, 
they would transfer it despite the low emissivity coated 
layer and diminish that layer's effectiveness. These baf- 
fles are a distinct improvement over the prior art, where 
baffles would absorb or reflect thermal radiation rather 
than transmit it.) Unlike most polyethylenes, these pol- 
yethylenes are extremely transparent to sunlight and 
can hold up under the sun's ultraviolet rays for 30 years. 
Low emissivity baffles double the thennal resistance of 
transparent low emissivity coatings and they cost much 
less. 

[0033] A CBTLTR can also be used to improve the 
thermal resistance and/or reduce the cost of light admit- 
ting thermal insulating structures which use one low 
emissivity layer. It also reduces the cost and light trans- 
mission losses of light admitting thennal insulating 
structures using more than one low emissivity layer by 
reducing the number of low emissivity layers required to 
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achieve a given resistance. One or more of these low 
emissivity layer or layers can be either light transmitting 
or absorbing. 

[0034] In a light admitting thermal insulating structure 
5 which uses more than one low emissivity layer in order 
to increase its thennal resistance, substituting layers of 
CBTLTR for one or more of the low emissivity layers will 
reduce cost and improve light transmission with but only 
slightly reduced thermal resistance. Thus, it is possible 
10 to make higher light transmission and/or lower cost light 
admitting thennal insulating structures by using CBTL- 
TRs. 

[0035] A CBTLTR can also be used to improve the 
thermal resistance of transparent insulations which are 

IS used with a high emissivity layer in order to radiate heat. 
A CBTLTR on top of a high emissivity layer can be used 
to cool a building when they cover its roof. The high 
emissivity layer radiates thennal radiation to the upper 
atmosphere, which in dry climates and at night is as 

20 much as 30** F cooler than the temperature of the air at 
ground level. The CBTLTR fomis an insulation by ther- 
mally isolating the cooled thennal radiation radlatorfrom 
wann ambient air. At the same time the CBTLTR is 
transparent to thermal radiation, allowing the radiator to 

25 operate. For these applications, the CBTLTR should be 
weather resistant, inexpensive, easy to install and creep 
resistant. 

[0036] A CBTLTR and a low emissivity layer that ab- 
sorbs light can be used to absorb solar heat efficiently. 

30 In this case, in Figure 1, themnal radiation suppressor 
1 6 and light absorber 1 7 are combined in one layer. This 
layer is called a "low emissivity layer which absorbs 
light" or a "selective black". The CBTLTR 512, 513, 514 
of Figure 5 forms a transparent insulation by preventing 

35 convection between the transparent outer cover sheet 
515 of Figure 5 and the low emissivity, sunlight absorb- 
ing Inner layer 509 of Figure 5. The inner surface trans- 
parent cover sheet 502 of Figure 5 can be either low 
emissivity or high emissivity layer. For these applica- 

40 tions, the CBTLTR should have high light transmission 
and heat resistance as well as the perfonnance charac- 
teristics listed above. 

[0037] Since chemical degradation processes gener- 
ally occur as an exponential function of temperature, it 

45 is useful to have converters of light to heat, such as solar 
collectors, become opaque when either the absorber 
surface or the outside air exceeds a certain tempera- 
ture. Thus, in a modified embodiment of the Invention of 
Figure 5, a stmcture which converts light to heat in- 

50 eludes a thermochromic shutter (at numeral 502), a 
CBTLTR (at numerals 512 through 514), and a light ab- 
sorbing low emissivity layer (at numeral 515). When the 
outside temperature is high and solar energy is not 
needed, the shutter is opaque. 

55 [0038] Alternately, for use, for example, in a green- 
house having varieties of plants, another embodiment 
of the invention as illustrated in Figure 5 would define 
the thennochromic shutter layer (at numeral 509) with 



EP 0 652 827 B1 



5 



9 



EP 0 652 827 B1 



10 



a light absorbing layer behind the shutter (at numeral 
510), a transparent low emissivlty layer (at numeral 
502), and the CBTLTR (at numeral 512 through 51 4). In 
this case, the converter of light to heat becomes reflec- 
tive when its absort)er surface exceeds a preset tem- 
perature. 

[0039] It should be noted that the converter of light to 
heat may not be intended as such. Photocells are in- 
tended to be a converter of light to electricity; but they 
convert light to heat to their own detriment. In this case, 
a CBTLTR and a low emissivlty layer would also be det- 
rimental. The above structures are only three of many 
possible examples of stnjctures which protect convert- 
ers of tight to other forms of energy with optical shutters. 
[0040] The CBTLTR and low emissivlty layers which 
transmit light can be used as a building or other surfaces 
which capture solar energy. The sunlight can be used 
for space heating, illumination and growing plants. In 
this case, the one or more transparent low emissivity 
layers can be on any of the CBTLTR surfaces such as 
shown at numerals 503 through 508 or on the inner sur- 
faces 502, 509 of the transparent covers (or glazings) 
51 1 , 515, which face the CBTLTR. In these applications, 
as in the applications described above, with light ab- 
sorbing low emissivity layers, the CBTLTR serves to im- 
prove the performance of the low emissivity layer or lay- 
ers by suppressing convection, while not Interfering with 
light transmission. 

[0041 ] In another embodiment the Figure 5 represen- 
tation shows an improved transparent insulation using 
a CBTLTR. In this case, the outemnost layers 511 , 51 5, 
can be either transparent, absorptive or reflective (low 
emissivity) of thennal radiation. It is preferred that the 
layers 511 , 515 are opaque to thennal radiation. The in- 
ner layers 512, 513, 514 are preferably transparent to 
thennal radiation so that they fomri a CBTLTR. The 
transparent low emissivity layer may be on any or all of 
the surfaces 502 through 509. 

[0042] Figure 6 shows a window 60 with a high insu- 
lating value of about 5 square feet hour degree Fahren- 
heit/BTU (similar to an opaque insulated wall) and a high 
tight transmission of about 70%. It is made using one 
transparent low emissivlty coating and two layers of 
CBTLTR. For these applications, the CBTLTR should 
have ail of the performance characteristics listed above, 
although heat resistance may not be as critical. Addi- 
tionally, the CBTLTR should not Impair viewing through 
the windows. 

[0043] As shown in Figure 6, two light transmitting 
cover layers 61 can be made of glass, preferably of low 
iron content to prevent absorption and heating by sun- 
light. Alternatively they can be made of fiber reinforced 
polymer sheets which may be translucent or can be 
made from polymer films or sheets. A transparent low 
emissivity coating 62, two layers of CBTLTR 63, and 
spacers and seals 64 form the window. Alternatively, 
more than one transparent low emissivity layer can be 
used or placed on one or both layers of the CBTLTR 63. 



The number of layers of CBTLTR is not limited to three 
as shown in Figure 5 but may be any number suitable 
for the particular application. 

[0044] A light admitting thermal insulating structure 
5 may be used in conjunction with an optical shutter to 
regulate light transmission while preventing the flow of 
heat. The optical shutter may be a layer or layers cov- 
ering an aperture. The shutter may be reversibly acti- 
vated by its local temperature (themnochromic); incident 
10 light intensity (photochromic); both temperature and 
light (thermophotochromic as shown in Figure 7); or an 
electric current or field (electrochromic). 
[0045] A CBTLTR, one or more transparent low emis- 
sivity layers, and athennochromic, photochromic, ther- 
is mophotochromic or electrochromic optical shutter layer 
can be combined to make insulating panels which trans- 
mit and regulate light. In Figure 5. the shutter may be 
on any of the layers 51 1 through 51 5, but since it is not 
transparent to thennal radiation, it is preferably located 
^ on the outermost layers 511 , 515. The transparent low 
emissivlty layer or layers may be located on any of the 
inner surfaces 502 through 509. The Inner layers, 512 
through 514, are preferably CBTLTRs. 
[0046] These panels can be used as improved collec- 
ts tors of solar energy which can be used, for example, for 
space heating, illumination or plant growth. These pan- 
els are an improvement over existing solar collectors for 
two reasons. They prevent the collection of solar energy 
when it is not wanted and are more energy efficient be- 
30 cause the transparent insulation prevents unwanted 
loss or gain of sensible heat. 

[0047] Athermochromic shutter is used as a light con- 
trol, as shown by the light control 18 of Figure 1 , when 
it is desired to keep the temperature on the "indoor" side 

35 of the panel constant. A photochromic shutter is used 
when more constant illumination Is desired. A thenno- 
photochromic shutter is used when constant tempera- 
ture and illumination are both desired. 
[0048] An electrochromic shutter is used when it Is de- 

40 sirable to control the light transmission of the shutter ex- 
ternally, rather than by some combination of the incident 
light intensity and the temperature of the shutter. An 
electrochromic shutter can be controlled by, for exam- 
ple, a temperature or light sensor a person or a compu- 

45 ter. Unlike many thermochromic and thermophotochro- 
mic shutters, electrochromic shutters are usually spec- 
ularly transmissive and imaging through them is possi- 
ble. This is an advantage for window applications where 
a view through the window is usually desired along with 

so the illumination it provides. 

[0049] As shown in Figure 7, a themiophotochromic 
shutter whose reflectivity response to temperature and 
light is used to provide more constant illumination from, 
for example, a skylight which has transparent insulation, 

S5 the shutter layer should be located on the indoor side of 
the transparent insulation. Indoor temperatures are 
more constant than outdoor temperatures and varia- 
tions in the temperature of the shutter cause the unde- 
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sired thermal response of the shutterto mask its desired 
photoresponse. 

[0050] A light transmitting building panel, for example, 
a sl<ylight using an optical shutter, can use a transparent 
insulation made from one or more transparent low emls- 
sivity layers and an CBTLTR. Transparent low emissivlty 
surfaces typically absorb 10% of light. This absorption 
can make enough heat to mask a thermochromic or 
thermophotochromic shutter's response to heat or inci- 
dent light intensity, respectively. Thus, the transparent 
low emissivity layer or layers should be located away 
from thethennochromic or thermophotochromic shutter, 
possibly near the outside of the transparent insulation. 
This location Is preferable in some applications for an- 
other reason. It keeps the solar heat absorbed by the 
low emissivity layer or layers near the outside of the 
building where It can leave without causing unwanted 
summer heat loads. 

[0051] Thus, the preferred structure for solar light 
and/or heat collecting panels using: a thermochromic or 
thermophotochromic shutter; one or more transparent 
low emissivity layers; and a CBTLTR, is: the shutter near 
(that Is, adjacent to or fonning) the indoor side, the low 
emissivity layer or layers near the outdoor side, and the 
CBTLTR inbetween. 

[0052] As shown in Figure 8, a cross section of a light 
transmitting building panel 80 or skylight with this pre- 
ferred structure is illustrated and Is a special embodi- 
ment of Figure 5. The panel 80 includes light transmit- 
ting cover sheets 81 , a low emissivity layer 82, a CBTL- 
TR 83, a themno-optical or thennophoto-optical shutter 
84, and spacers and seals 85. 

[0053] Merely by way of example, Figure 9 illustrates 
a cut away view of the light transmitting building panel 
80 of Figure 8. It is pointed out that there can be more 
than one transparent low emissivity layer and the low 
emissivity layer(s) can be located on the CBTLTR. Also, 
there can be a different number of layers in the CBTLTR. 
[0054] The scope of the invention is not to be limited 
by any of these illustrative figures, as many other con- 
figurations for CBTLTRs, building panels and skylights 
are desirable for different applications. The prefabricat- 
ed panel is a novel way to go about building the building 
designs previously claimed. Alternatively, the same 
building design could be built without prefabricated pan- 
els, by assembling a whole roof from each of these lay- 
ers of material, one at a time, on site. 
[0055] If a skylight's top surface is domed or faceted, 
the preferable location forthe transparent low emissivity 
surface may be on the CBTLTR layer closest to the out- 
side of the building because It is difficult to apply a trans- 
parent low emissivity layer to a domed surface. 
[0056] The light transmission of a CBTLTR can be en- 
hanced with antiref lection layers. For example, the light 
transmission of the configurations in Figures 6 and 8 can 
be increased from about 70% to about 80%, and pref- 
erably to about 85%. However these antireflection lay- 
ers must not absorb much themnal radiation or they will 
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reduce the CBTLTR's thermal resistance. Low refractive 
index materials which do not absorb much thennal ra- 
diation when their thickness is in the order of 1,000 A 
(the approximate thickness of antireflection layers) in- 

5 elude: porous and columnar aluminum or silicon oxide 
and other oxide layers, which may have a graded ref rac-. 
tlve index and broad band antireflection properties; 
magnesium fluoride or perfluoropolymer, such as poly- 
tetrafluoroethylene, quarter wave layers; fluorinated 

10 polymer to unfluorlnated polymer graded index layers, 
etc. These antireflection layers may be placed on any 
and all surfaces of the CBTLTR and its transparent cov- 
er or covers, e.g., in Figure 5, surfaces 501 to 510. 
[0057] Antlabrasion antireflection coatings (AAR) 

15 coatings should have: refractive index in the range of 
1 .3 to 1 .4, the lower, the better; thickness of one quarter 
wavelength of visible light, or about 1 ,000 A, at least for 
the top layer if the AAR is multilayer or has a graded 
refractive index; hard surface; low coefficient of friction; 

20 and for glazing applications, weather and pollution re- 
sistant. 

[0058] AAR coatings on both sides of as plastic film 
can reduce the film's reflectivity of greater than 8% to 
2%. To maintain their high light transmission during use, 

25 they are scratch resistant, repel dust and are easy to 
clean. Almost eliminating reflection makes the film or 
sheet virtually invisible, increasing packaging materials 
market appeal, and increasing glazing efficiency. Glaz- 
ing applications for AAR coated glass and plastic sheet 

30 and film include building and car windows, skylights, 
greenhouses, solar cells and solar collectors. 
[0059] A polymer surface can be made to have a grad- 
ed index antireflection layer composed of low refraction 
index perfluorinated polymer on the outside which has 

35 a composition graded to unfluorinated polymer inside. 
For best results the polymer should be highly fluorinated 
(more than 70%) on the outside, and slightly fluorinated 
(less than 30%) on the inside. 

[0060] For example, the thickness of this film graded 
40 index layer can be controlled such that transmission of 
visible or of photosynthetlcally active light, or of solar 
heat is maximum. Such antireflection layers have been 
made by exposing a polyethylene film to a gas compo- 
sition of 99.9% nitrogen or argon and 0 1% elemental 
45 fluorine for a few minutes at room temperature. 

[0061] Plastic bottles which are blow molded com- 
mercially may have their inside surfaces fluorinated 
while they are still hot in mold (for greater thickness of 
fluorinationthan Is required for maximum antireflection) 
50 to impart impermeability to oil by exposure to a similar 
gas mixture. 

[0062] An advantage of surface fluorination of poly- 
mers beyond antireflection is imparting durability to the 
surface of the polymer where degradation (or weather- 
55 ing or corrosion) of the polymer takes place fii^t. One of 
the primary means of weather degradation of plastic sur- 
faces is stress crack corrosion, where the plastic pro- 
duces volatile products from weather degradation, and 
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then shrinks and cracks. The tip of this crack is the site 
of more rapid corrosion due to the concentration in its 
small radius of stress from shrinkage and thus the crack 
propagates rapidly into the bulk of the polymer 
[0063] Stability is imparted to the polymer by surface 
fluorination by at least three mechanisms. First, the sur- 
face volume Increases with fluorination which places the 
surface under compression, which forms a prestressed 
surface more scratch and abrasion resistant and which 
resists cracking when the surface is bent, such as In the 
creasing of a plastic film. 

Second, fluorination prevents degradation because 
f luorinated polymers are the most degradation resistant. 
Third, fluorinated polymers have a much lower coeffi- 
cient of frtotlon than unfluorinated polymers, which im- 
parts greater abrasion resistance. Surface fluorination 
may also be used with the hindered amine stabilizers 
described below, to thereby impart the many attendant 
advantages of each to the selected polymer. 
[0064] While It has long been known that polyolefins, 
and preferably polyethylene, are the only highly themnal 
radiation transparent polymeric films, polyethylene has 
not been usable in transparent insulations such as low 
emissivity windows because of: (1) its haze and conse- 
quent poor light transmission; (2) its vulnerability to solar 
ultraviolet, oxidation and other degradation; and (3) its 
creep. The haze in polyethylene is caused by partial 
crystallization, so very low haze polyethylene films can 
be made by both very high and very low crystallinity. 
These polyolefin films can be stabilized for resistance 
to degradation with polymeric hindered amine, for ex- 
ample, Cyasorb 3346 made by American Cyanamide, 
at a loading from about 0.1 % to about 0.5%. Such films 
have passed accelerated aging equivalent to 30 years 
of solar UV filtered through commercial glass. To pre- 
vent creep, these polyolefins films can be cross linked 
by the conventional methods for polyethylene: electron 
curtain, UV light, or heat; each with appropriate cross 
linking additives, such as polysaturated compounds, e. 
g., octadiene and methylene bis acrylamide. 
[0065] Very high crystallinity polyethylene films are 
preferably made from highly linear, high molecular 
weight, narrow molecular weight distribution polyethyl- 
ene resin or a linear medium or low density polyethylene 
resin. All of these polyethylene resins are made by a low 
pressure polymerization process typically using a Zie- 
gler type catalyst. Low pressure polymerization also 
produces fewer degradation sites. This polyethylene 
film may be uniaxially oriented and calendared simulta- 
neously to increase Its crystallinity and light transmis- 
sion both to greater than 90%. A suitable polyethylene 
film is available from Tredagar Films, Inc. under the 
trade name of MONOX. The linear medium, low and 
high density materials may be transversely oriented on 
a tenter to produce more symmetrical biaxial (e.g, heat 
shrink) properties. Heat shrinking at predetemnined tem- 
peratures may be used to easily assemble essentially 
wrinkle free CBTLTRs. 



[0066] Very low crystallinity polyethylene is preferably 
made from low density or ultra low density linear, low 
pressure polymerized polyethylene which is quenched 
rapidly Immediately after extrusion with a chill drum or 
s water to prevent crystallization. While various polymers 
and combinations of a mixture of different types of pol- 
ymers may be used, it is preferred to use primarily poly- 
olefin, meaning a polymer composition of at least 80% 
polyolefin. 

10 [0067] Variations on the embodiments described 
above are possible. For example, in Figure 1, the light 
control layer may be either a photochromic or thermo- 
photochromic shutter while the combination of the trans- 
parent convection, conduction and thermal radiation 
15 suppressor constitutes a transparent insulation. 

[0068] In another variation, a transparent insulation 
with a photochromic or thermophotochromic shutter can 
be used to regulate the transmission of solar light and/ 
or heat into a building. A skylight can use a photochro- 
20 mic shutter to reduce the fluctuations in transmitted light 
caused by variations in incident light and thereby pro- 
vide more constant illumination to minimize unwanted 
solar heat gains in the summer. 
[0069] In yet another variation, a thermophotochromic 
25 shutter can be used to maximize the growth of plants in 
a greenhouse. The plants' growth inhibition from heat 
stress is minimized by the thermal response of the shut- 
ter while the greenhouses' cooling costs are minimized 
by the photoresponse of the shutter. 
30 [0070] Both the skylight and the greenhouse applica- 
tions would benefit from using a transparent insulation 
In conjunction with the shutter. The transparent insula- 
tion would reduce heating and cooling costs of both the 
greenhouse and the building with the skylight. 
35 [0071] Suitable transparent insulation components 
exemplified in Figures 7-1 1 are known in the art and they 
are exemplified by: honeycomb structures, disclosed by 
Volker Wittwer "Transparent Insulation Materials," OP- 
TICAL MATERIALS TECHNOLOGY, p. 284. March 
40 1990, International Society For Optical Engineering; 
convection baffles, disclosed in WO-A-921 6702; honey- 
comb structures and low emissivity coatings disclosed 
in U.S. Patent Nos. 3,953,110, 4,085,999 and 
4,389,452, all by D. Chahroudi; Vacuum disclosed by J. 
45 D. Garrison in "Evaluation of a Thermally Circulating 
Vacuum Window," 15th National Passive Solar Confer- 
ence, p. 43, American Solar Energy Society, March 
1990; and aerogels, disclosed by M. Mieike et al. in 
"Aerogels - a new class of material," presented at The 
50 1st Intematlonal Workshop on Transparent Insulation 
Materials for Passive Solar Energy Utilisation, p. 25, No- 
vember 27-28, 1986, German section of International 
Solar Energy Society. 

[0072] For example, the transparent insulation has T 
55 X R > 0.36 in units of percent light transmission x "C x 
m2/W (2% light X *»F X hr. X sq. ft./BTU) where T is the 
percent light transmission and R is the thermal resist- 
ance, in "^F X hr. X sq. ft./BTU, of the transparent insu- 
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iation. Further, the transparent insulation is selected 
from transparent low emissivity coatings used with a 
convection baffle which transmits light thermal radiation 
(CBTLTR); transparent low emissivity coatings used 
with a vacuum layer; transparent honeycomb material; 
aerogel; and multiple layers of antireflection glazing. 
[0073] In yet another variation, thermal storage is nec- 
essary in solar buildings because the sun does not shine 
all the time, for example, at night. Sufficient heat for 
overnight storage in cold winter climates In a well insu- 
lated house may be contained in 1 .27-2.54 cm (14" - 1") 
of water in 5.08 cm (2") of concrete or in 6.25 mm (Va) 
of a phase change material, such as CACIg-eHg or 
Na2S04*H20, which melts and freezes within the human 
comfort zone of 18*C-27»C (65»F - 8Q*F.) The above 
materials are inexpensive, durable, non-toxic and non- 
flammable. 

[0074] As shown in Figure 1 0A, the location of the 
heat storage element 142 may be below and in proxi- 
mate location (also referred to herein as "heat transfer 
relationship") to a part of the solar collector 1 22. By prox- 
imate location (also referred to herein as "heat transfer 
relationship") it is meant that the heat storage element 
142 is positioned in such a relationship to the rest of the 
solar collector that the energy received by the solar col- 
lector is transferred to the heat storage element 142 by 
heat transfer mechanisms, as described hereinafter. For 
example, Figure 10A indicates several of the possibili- 
ties for the heat storage element 142 location, e.g., be- 
tween and adjacent to the solar radiation absoriDing ma- 
terial, whose location is alternatively indicated as 140A 
or 1408, and the optional interior finish 154 and optical 
shutter 136B or transparent insulation 130. Heat storage 
element 142 must be placed below the transparent in- 
sulation 130, as shown in Figure 10A. If the heat storage 
element 142 Is transparent, then a reflective thermo- 
chromic optical shutter 136 may be located on either 
side of the transparent heat storage element 142 as in- 
dicated by alternative locations 1 36C or 1 36D. If the re- 
flective optical shutter 136 is thermochromic, it should 
be located inside the building (not shown) from the 
transparent insulation 130 so that the reflective optical 
shutter will become reflective when the building (not 
shown) and its heat storage element 142 are too warm, 
and the reflective optical shutter will turn opaque when 
the structure and/or its heat storage element 1 42 are too 
cool. 

[0075] Since water and phase change materials pass 

through a liquid phase, it is necessary for them to have 
a container which is in the range of 'A" to 2" thick and 
may have its other dimensions in the order of 2' to 16'. 
Such a large flat sealed container can be inexpensively 
fabricated from tubes or channels, as shown in Figure 
1 1 . These channels may be made of extruded plastic, 
sealed plastic film, or metal. For example, as shown in 
Figure 11 , a sealed channel structure 86 contains heat 
storage material 87 in a building panel similar to the pan- 
el described in Figure 8. (Numerals 80-85 in Figure 1 1 
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refer to the same elements as elements 80-85 in Figure 

8.) 

[0076] In another embodiment of the thermal storage 
material container above, the two large surfaces 89 of 

5 the sealed container in Figure 11 may be spaced apart 
and connected by elements 88 shaped either like one 
dimensional rods or two dimensional surfaces. These 
surfaces may divide the container into cells, to produce 
a cellular structure. 

10 [0077] In yet another variation, and in order to mini- 
mize onsite hand labor and replace that labor with fac- 
tory machine production, it is useful for the light admit- 
ting panels to have a prefabricated finish for the interior 
of the building. This finish may consist of paint, wallpa- 

is per, plastic, sheetrock, acoustic tile, or wood, for exam- 
ple. Further, it may have a particle layer of plastic or 
cardboard, for example, so that the finish does not be- 
come damaged during building construction. The pro- 
tective layer then may be removed after the panel is in- 

20 stalled. 



Claims 

25 1. A thermal insulating layered structure with variable 
admittance for solar energy, the structure compris- 
ing: 

an outdoor cover layer (511) of transparent 

30 weather-resistant material; 

at least one solar energy admitting thermal in- 
sulation layer for which the value of TxR is not 
less than 0.35 in units of % light transmission x 
X m^/W (2 in units of percent light transmis- 

35 slon X *F X hr. X sq. ft/BTU) where T is the per- 

cent light transmission and R is the themial re- 
sistance in *»C X m2/W ("f x hr x sq. ft/BTU); 
at least one layer (502,509) of optical shutter 
material having solar energy transmission 
which is variable; and 

an Indoor cover layer (515) which is substan- 
tially parallel to the outdoor cover layer (511) 
and which either primarily transmits or primarily 
absorbs solar energy; and 

45 a layer of heat storage material (87, 1 42) adja- 

cent to the indoor cover layer; 
the layers being formed into a building panel 
(90) with the Insulation and shutter layers dis- 
posed between the indoor and outdoor cover 

50 layers (511, 515) and with seals and spacers 

(64, 505, 85) disposed between at least some 
of the layers which are adjacent to each other. 

2. A structure as claimed in claim 1 , wherein the said 
55 heat storage material (87, 1 42) is selected from wa- 
ter which does not circulate outside the said struc- 
ture, phase change material, concrete and mason- 
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3. A structure as claimed in claim 1 , wherein the heat 
storage material is contained within a channelled 
structure (86). 

4. A structure as claimed in claim 1 , wherein the heat 
storage material is contained within a sealed cellu- 
lar structure (3). 

5. A structure as claimed in claim 1 , wherein the heat 
storage material is contained within a sealed struc- 
ture of two parallel sheets (89) connected and 
spaced apart with rods or sheet elements (88). 

6. A structure as claimed In claim 1 , wherein the ther- 
mal insulation layer comprises one or more layers 
having a low emissivity coating (502-509). 

7. A structure as claimed in claim 6, the layers of the 
structure being spaced apart by gas or vacuum lay- 
ers 

8. A structure as claimed In any one of the preceding 
claims, wherein the thermal insulation layer in- 
cludes at least one gas layer. 

9. A structure as claimed in claim 8, in which the ther- 
mal insulation layer includes a convection baffle 
(20, 32, 512-514, 63. 83) which is substantially 
transparent to light andthennal radiation, and which 
is located between the indoor and outdoor cover 
layers. 

10. A structure as claimed in claim 8, wherein the con- 
vection baffle is In the form of a honeycomb (32), 
and is substantially transparent to solar radiation, 
and which is aranged so that the cells of the hon- 
eycomb extend substantially perpendicularly to the 
cover layers. 



16. A structure as claimed in claim 1 , wherein the ther- 
mal insulation layer comprises a plurality of layers 
(511-515) which are transparent to solar energy and 
substantially opaque to thermal radiation, each lay- 

5 er being separated from an adjacent layer by a layer 
of gas. 

17. A structure as claimed in claim 1 , wherein the ther- 
mal insulation layer comprises a layer of aerogel 

10 material. 

18. A structure as claimed in any one of the preceding 
claims, wherein the indoor cover layer primarily ab- 
sorbs solar energy (17, 509, 1408). 

15 

19. A structure as claimed in claim 18, wherein the in- 
door cover layer has an absorbing low emissivity 
coating (509). 

20 20. A structure as claimed in any one of the preceding 
claims, wherein the indoor cover layer has a trans- 
parent low emissivity coating (509). 

21. A structure as claimed in any one of the preceding 
25 claims, wherein the outdoor cover layer has a trans- 
parent low emissivity coating (509). 

22. A structure as claimed in any one of the preceding 
claims, including a vacuum between the indoor and 

30 outdoor cover layers (51 1 , 51 5). 

23. A structure as claimed in any one of the preceding 
claims, wherein the indoor cover layer includes a 
photoelectric cell. 



35 

24. A structure as claimed In any one of the preceding 
claims, wherein the or at least one of the optical ma- 
terial shutter layers is photochromic. 



11 . A structure as claimed in claim 9 or 1 0, wherein the 
convection baffle is of a material of more than 80% 
polyolefin. 

1 2. A structure as claimed in claim 1 1 , wherein the poly- 
olefin is a polyethylene material having a crystallin- 
ity which is very high or very low. 



40 25. A structure as claimed in any one of claims 1 to 23, 
wherein the or at least one of the optical shutter ma- 
terial layers is thermophotochromic. 

26. A structure as claimed in any one of claims 1 to 23, 
45 wherein the or at least one of the optical shutter ma- 
terial layers is electrochromlc. 



1 3. A structure as claimed In claim 1 1 , wherein the poly- 27. A structure as claimed in any one of claims 1 to 23, 
olefin contains 0.1 to 1% by weight of hindered wherein at least on of the optical shutter material 

amine stabilisers. 50 layers is thermochromic. 



1 4. A structure as claimed in claim 1 1 , wherein the poly- 
olefin is cross-linked. 

15. A structure as claimed in any one of claims 9 to 14, S5 
wherein a transparent low emissivity coating 
(503-508) is provided on the convection baffle. 



28. A structure as claimed in claim 27, in which a said 
thermochromic optical shutter material layer (502, 
509) is placed on both the outdoor and indoor cover 
layers (511 , 515), the thennal insulation layer com- 
prising one or more transparent low emissivity coat- 
ings placed adjacent to one or more layers of vac- 
uum or gas. 
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29. A structure as claimed in claim 28, in which the 
transparent insulation layer includes two or more 
spaced layers forming at least one compartment 
containing a vacuum, the indoor cover layer prima- 
rily transmitting solar energy. 

30. A structure as claimed in claim 28. in which the 
transparent insulation layer includes two or more 
spaced layers forming at least one compartment 
containing a vacuum, the indoor cover layer prima- 
rily absorbing solar energy. 

31. A structure as claimed in claim 28, in which the 
transparent insulation layer includes two or more 
spaced layers forming at least one compartment 
containing gas, the indoor cover layer primarily 
transmitting solar energy. 

32. A structure as claimed in claim 28, in which the 
transparent insulation layer includes two or more 
spaced layers fomriing at least one compartment 
containing gas, the indoor cover layer primarily ab- 
sorbing solar energy. 

33. A structure as claimed in any one of the preceding 
claims, wherein one of more of the indoor and out- 
door cover layers and the convection baffle has at 
least one anti-reflective coating (501-510). 

34. A structure as claimed in claim 1 6, or in any one of 
claims 1 7 to 33 when appendant to claim 1 6, where- 
in the or each ant i- reflective coating (501 -510) has 
a graded refractive index and is made from either a 
fluorinated polymer or a porous or columnar alumin- 
ium or silicon oxide. 

35. A structure as claimed in claim 19, wherein said 
structure additionally comprises a prefabricated in- 
terior finish. 

36. A structure as claimed in claim 35, wherein said in- 
terior finish is selected from paint, plastic, wallpa- 
per, plaster, sheetrock, acoustic tile or wood. 



Patentanspruche 



FuB2/BTU), wobei T die prozentuale Licht- 
durchlassigkeit und R die Wamnebestandigkeit 
in *C X m2/W ("F x Std. x Fu32/btU) ist; 
mindestens eine Schicht (502, 509) eines opti- 
5 schen Blendenmaterials, dessen Sonnenener- 

giedurchlassigkeit variabel Ist; und 
eine lnnenveri<leidungsschicht (515), die im 
Wesentlichen parallel zur AuBenverklel- 
dung'sschicht (511) veriauft, und die die Son- 
^0 nenenergie entweder hauptsachlich durchlasst 

Oder hauptsachlich absorbiert; und 
eine Schicht aus einem Warmespeichermate- 
rial (87. 142), die an die Innenvericleldungs- 
schicht angrenzt; 

IS 

wobei die Schichten zu einem Bauelement 
(90) geformt werden, bei dem sich die Damm- und 
Blendenschichten zwischen der Innen- und AuBen- 
veri<leidungsschicht (51 1 , 515) befinden. und wobei 
^ sich Dichtungen und Zwischenstucke (64. 505, 85) 
zwischen mindestens einigen der aneinander gren- 
zenden Schichten befinden. 

2. Struktur nach Anspruch 1 , wobei das Warmespei- 
25 chennaterial (87, 1 42) ausgewahit ist aus Wasser, 

das auQerhalb der Struktur nicht zirkuliert, einem 
Phasenumwandlungsmaterial, Beton und Zement. 

3. Struktur nach Anspruch 1 , wobei sich das Welrme- 
30 speichemiaterlal in einer Kanalstruktur (86) befin- 

det. 

4. Struktur nach Anspruch 1 , wobei sich das Warme- 
speichermaterial in einer geschlossenen Zellen- 

35 struktur (3) befindet. 

5. Struktur nach Anspruch 1 , wobei sich das Warme- 
speichermateriai in einer geschlossenen Struktur 
aus zwei parallelen Platten (89) befindet, die durch 

40 Stabe Oder Plattenbauteile (88) verbunden sind und 
damit auf Abstand gehalten werden. 

6. Struktur nach Anspruch 1 , wobei die Wannedam- 
mungsschlcht eine oder mehrere Schichten mtt ei- 

45 ner Niederemissionsbeschichtung (502-509) um- 
fasst. 



1. Wdnnedammende Schichtstruktur mit variabler 
Durchlasslgkeit fiir Sonnenenergie, umfassend: 

eine AuBenverkleidungsschicht (511) aus ei- 
nem durchsichtigen wetterfesten Material; 
mindestens eine Sonnenenergie einlassende 
warmedammende Schicht, fiir die der Wert T x 
R nicht klelner ist als 0,35, ausgedruckt in Ein- 
heiten der prozentualen Lichtdurchlassigkelt x 
"C x m2/W (2, ausgedruckt in Einheiten der pro- 
zentualen Lichtdurchlassigkelt x ^'F x Std. x 



7. Struktur nach Anspruch 6, wobei die Schichten der 
Struktur durch Gas- oder Vakuumschichten von ein- 

50 ander getrennt sind. 

8. Struktur nach einem der vorhergehenden Ansprii- 
che, wobei die Warmedammungsschicht minde- 
stens eine Gasschicht umfasst. 

55 

9. Struktur nach Anspruch 8, wobei die Warmedam- 
mungsschicht eine Konvektionssperre (20, 32, 
512-514, 63, 83) umfasst. die im Wesentlichen fiir 
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Licht und Warmestrahlung durchlassig ist und sich 
zwischen der Innen- und AuBenverkleidungs- 
schicht befindet. 

10. Struktur nach Anspajch 8, wobei die Konvektions- 
sperre wabenformig (32) ist, Im Wesentlichen 
durchlassig fiir Son nenstrah lung ist und so aufge- 
baut Ist, dass die Zellen der Waben im Wesentli- 
chen rechtwinklig zu den Verkleidungsschichten 
verlaufen. 

11. Struktur nach Anspruch 9 oder 10, wobei die Kcn- 
vektionssperre aus einem Material aus mehr als 
80% Polyolefin besteht. 

12. Struktur nach Anspruch 11 , wobei das Polyolefin ein 
Polyethylennriaterial ist, dessen Kristallinitat sehr 
hoch Oder sehr klein ist. 

13. Struktur nach Anspruch 11, wobei das Polyolefin 
0,1 bis 1 Gew.% gehinderte Amin-Stabllisatoren 
enthalt. 

14. Struktur nach Anspruch 11, wobei das Polyolefin 
vernetzt Ist. 

15. Struktur nach einem der Anspruche 9 bis 1 4, wobei 
sich auf der Konvektlonsspenrre eine durchsichtige 
Niederemissionsbeschlchtung (503-508) befindet, 

16. Struktur nach Anspruch 1 , wobei die Warmedam- 
mungsschichteine Anzahl von Schichten (511-515) 
umfasst, die fur Sonnenenergie durchlassig ist und 
fur Wamiestrahlung im Wesentlichen undurchlas- 
sig ist, wobei jede Schicht durch elne Gasschicht 
von der Nachbarschicht getrennt Ist. 

17. Struktur nach Anspruch 1, wobei die Warmedam- 
mungsschicht elne Schicht aus einem Aerogelma- 
terial umfasst. 

18. Struktur nach einem der vorhergehenden Anspru- 
che, wobei die Innenverkleldungsschicht haupt- 
sachlteh Sonnenenergie absorialert (17, 509, 
140B). 

19. Struktur nach Anspruch 18, wobei die Innenverklel- 
dungsschicht eine absortDierende Niederemissi- 
onsbeschlchtung (509) aufweist. 

20. Struktur nach einem der vorhergehenden Anspru- 
che, wobei die Innenverkleldungsschicht eine 
durchsichtige Niederemissionsbeschichtung (509) 
aufweist. 

21. Struktur nach einem der vorhergehenden AnsprQ- 
che, wobei die AuBenverkleidungsschicht elne 
durchsichtige Nlederemissionsbeschk;htung (509) 



aufweist. 

22. Struktur nach einem der vorhergehenden Anspru- 
che, wobei sich zwischen Innen- und AuBenverklei- 

5 dungsschicht (511 , 515) eIn Vakuum befindet. 

23. Struktur nach einem der vorhergehenden Anspru- 
che, wobei die Innenverkleldungsschicht eine pho- 
toelektrische Zelle umfasst. 

10 

24. Struktur nach einem der vorhergehenden Anspru- 
che, wobei die Oder mindestens eine der optischen 
Blendenmaterlalschichten photochrom Ist. 

15 25. Struktur nach einem der Anspriiche 1 bis 23, wobei 
die Oder mindestens eine der optischen Blenden- 
materialschichten thermophotochrom ist. 

26. Struktur nach einem der Anspruche 1 bis 23, wobei 
20 die Oder mindestens elne der optischen Blenden- 

materialschichten elektrochrom ist. 

27. Struktur nach einem der AnsprOche 1 bis 23, wobei 
mindestens eine der optischen Blendenmaterial- 

25 schtehten themiochrom ist. 

28. Struktur nach Anspruch 27, wobei sich die thermo- 
chrome optlsche Blendenmatehalschicht (502, 
509) auf den AuBen- und Innenverkleldungsschich- 

30 ten (51 1,515) befindet, und die Wannedammungs- 
schicht eine oder mehrere durchsichtige Niedere- 
missionsbeschichtungen umfasst, die an elne oder 
mehrere Vakuum- oder Gasschichten angrenzen. 

35 29. struktur nach Anspruch 28, wobei die durchsichtige 
Dammschlcht zwel oder mehrere getrennte Schich- 
ten umfasst, die mindestens eine vakuumhaltlge 
Kammer bilden, und die Innenverkleldungsschicht 
hauptsdchlich Sonnenenergie durchl^st. 

40 

30. Struktur nach Anspruch 28, wobei die durchsichtige 
Dammschfcht zwei oder mehrere getrennte Schich- 
ten umfasst, die mindestens elne vakuumhaltige 
Kammer bilden, und die Innenverkleldungsschicht 

45 hauptsachlich Sonnenenergie absorbiert. 

31 . Struktur nach Anspruch 28, wobei die durchsichtige 
Dammschlcht zwel oder mehrere getrennte Schich- 
ten umfasst, die mindestens elne gashaltige Kam- 

50 mer bilden, und die Innenverkleldungsschicht 
hauptsachlich Sonnenenergie durchiasst. 

32. Struktur nach Anspruch 28, wobei die durchsichtige 
Dammschicht zwei oder mehrere getrennte Schlch- 

55 ten umfasst, die mindestens eine gashaltige Kam- 
mer bilden, und die Innenverkleldungsschicht 
hauptsachlich Sonnenenergie absorbiert. 
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33. Struktur nach einem der voitiergehenden Anspru- 
che, wobei eine Oder mehrere der Innen- und Au- 
Benverkleidungsschichten und die Konvektions- 
sperre eine reflexmindemde Beschichtung 
(501-510) aufwelsen. 5 2. 

34. Struktur nach Anspruch 16 Oder einem der Anspru- 
che 17 bis 33, wenn diese Anspruch 16 anhangen, 
wobei die oder jede reflexmindemde Beschichtung 
(501-510) einen abfgestuften Brechungsindex auf- io 
weist und entweder aus einenn fluorierten Polymer 

Oder einem porosen oder saulenfonmigen Alumini- 3. 
urn- Oder Siliciumoxid besteht. 

35. Struktur nach Anspmch 1 9, wobei die Struktur zu- is 
dem eine vorgefertigte Innenbeschichtung auf- 4. 
weist. 

36. Struktur nach Anspruch 35, wobei die Innenbe- 
schichtung ausgewahit ist aus Farbe, Kunststoff, 20 
Tapete, Putz, Spachtel, Schallschutzplatten oder 5. 
Holz. 



Revendlcations 

1 . Une structure d'isoiation thenmique en couches pr^- 
sentant une admittance variable pour I'^nergie so- 
laire, la structure comprenant : 
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6. 



une couche de recouvrement ext6rieure (511) 
en mati^re transparente resistant aux 
intemperies ; • 7. 

au moins une couche d'isoiation thermlque ad- 
mettant de I'dnergie solaire pour laquelle fa va- 35 
leurdeTxR n'estpas inf^rieure d 0,35 en unites 
de % de transmission de lumiere x "*C x m^/W 8. 
(2 en unit6 de pourcentage de transmission de 
lumlfere x •F x hr. x pied carr6 BTU) ou T est le 
pourcentage de transmission de lumiere et R 40 
est la resistance thermique en degrd *C x m^/ 
W ('F X hr. X pied carre BTU) ; 9. 
au moins une couche (502, 509) de matidre 
d'obturation optique ayant une transmission 
d'energie solaire qui est variable ; et 
une couche de recouvrement interne (515) qui 
est sensiblement parall^le h la couche de re- 
couvrement externe (511) et qui soit transmet 
principalement, soit absorfoe princlpalement 
Tenergie solaire ; et 50 10. 

une couche de matiere de stockage de chaleur 
(87, 142) adjacente a la couche de recouvre- 
ment interne ; 

les couches etant formees pour donner un pan- 
neau de construction (90) avec les couches 55 
d'isoiation et d'obturation dispos6es entre les 
couches de recouvrement interne et externe 
(511, 515) et avec des joints et des organes 



d'^cartement (64, 505, 85) disposes entre aux 
moins certaines des couches qui sont adjacen- 
tes I'une a I'autre. 

Une structure telle que revendiqu^e k la revendica- 
tion 1 , dans laquelle ladrte matiere de stockage de 
chaleur (87, 142) est choisie k partir d'une eau qui 
ne circule pas h I'ext^rieur de ladite structure, d'une 
matiere de changement de phase, d'un b6ton et 
d'une ma^onnerie. 

Une structure telle que revendiquee h la revendica- 
tion 1 , dans lequel la matiere de stockage de cha- 
leur estcontenue k I'int^rleur d'un profile en U (86). 

Une structure telle que revendiqude a la revendica- 
tion 1 , dans laquelle la matiere de stockage de cha- 
leur est contenue k I'lnt^rieur d'une structure cellu- 
laire hermetique (3). 

Une structure telle que revendiquee d la revendica- 
tion 1 . dans laquelle la matiere de stockage de cha- 
leur est contenue k I'int^rieur d'une structure her- 
metique de deux feuilles paralleles (89) relives et 
ecartees i'une de I'autre k I'aide de tiges ou d'6l6- 
ments en feuille (88). 

Une structure telle que revendiquee k la revendica- 
tion 1 , dans laquelle la couche d'isoiation thermique 
comprend une ou plusieurs couches ayant un reve- 
tement de faible 6missivit6 (502-509). 

Une structure telle que revendiquee k la revendica- 
tion 6, les couches de la structure etant ecartees 
Tune de I'autre par des couches de gaz ou de vide. 

Une structure telle que revendiquee dans une quel- 
conque des revendlcations precedentes, dans la- 
quelle la couche d'isoiation thermique comprend au 
moins une couche de gaz. 

Une structure telle que revendiquee a la revendica- 
tion 8, dans laquelle la couche d'isoiation thermique 
comprend une chicane de convection (20, 32, 
512-514, 63, 83) qui est sensiblement transparente 
k la lumiere et au rayonnement thermique, et qui 
est situee entre les couches de recouvrement inter- 
ne et externe. 

Une structure telle que revendiquee a la revendica- 
tion 8, dans laquelle la chicane de convection pre- 
sente la forme d'une structure en nids d'abeilles 
(32) et est sensiblement transparente au rayonne- 
ment solaire, et qui est disposee de telle maniere 
que les cellules de la structure en nids d'abeilles 
s'etendent de maniere sensiblement perpendiculai- 
re aux couches de recouvrement. 
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1 1 . Une structure telle que revendiquee a la revendica- 
tion 9 ou 10, dans laquefle la chicane de convection 
est en une matiere comprenant plus de 90% de po- 
lyoleflne. 

12. Une structure telle que revendlqude d la revendica- 
tlon 11 , dans laquelle la polyoldfine est une matiere 
de polyethylene prdsentant un caract^re cristallln 
qui est tr^s elev6 ou tres bas. 

13. Une structure telle que revendiqu6e a la revendlca- 
tion 11 . dans laquelle la polyoleflne contient de 0,1 
^ 1% en poids de stabilisateur k amine enccmbr^e. 

14. Une structure telle que revendlqu6e & la revendlca- 
tion 11 , dans laquelle la polyolefine est r^tlculde. 

15. Une structure telle que revendiquee dans une quel- 
conque des revendications 9 a 14, dans laquelle un 
revetement transparent de falble 6mlssivlt6 
(503-508) est prevu sur la chicane de convection. 

16. Une structure telle que revendiquee d la revendica- 
tion 1 , dans laquelle la couche d'isolation thermique 
comprend une plurality de couches (511-515) qui 
sont transparentes a I'energle solaire et senslble- 
ment opaques au rayonnement thermique, chaque 
couche etant s^par^e d'une couche adjacente par 
une couche de gaz. 

17. Une structure telle que revendiqu^ k la revendica- 
tion 1 , dans laquelle la couche d'isolation thermique 
comprend une couche de matiere aerogel. 

18. Une structure telle que revendiquee dans une quel- 
conque des revendications precedentes dans la- 
quelle la couche de recouvrement interne absorbe 
prlncipalement I'energie solaire (17, 509, 1408). 

1 9. Une structure telle que revendiquee h la revendica- 
tlon 18, dans laquelle la couche de recouvrement 
Interne presente un revetement absorbant de falble 

emissivite (509). 

20. Une structure telle que revendiquee dans une quel- 
conque des revendications precedentes, dans la- 
quelle la couche de recouvrement interne presente 
un revetement transparent de falble emissivite 
(509). 

21 . Une structure telle que revendiquee dans une quel- 
conque des revendications precedentes, dans la- 
quelle la couche de recouvrement externe presente 
un revetement transparent de faible emissivite 

(509). 

22. Une structure telle que revendiquee dans une quel- 
conque des revendications precedentes, compre- 



nant un vide entre les couches de recouvrement in- 
terne et exteme (511 , 515). 

23. Une structure telle que revendiquee dans une quel- 
5 conque des revendications precedentes, dans la- 
quelle la couche de recouvrement interne com- 
prend une cellule photo eiectrique. 

24. Une structure telle que revendiquee dans une quel- 
10 conque des revendications precedentes, dans la- 
quelle la couche ou au moins une des couches de 
matiere d'obtu ration optique est photochrome. 

25. Une structure telle que revendiquee dans une quel- 
is conque des revendications 1 ^ 23, dans laquelle la 

couche ou au moins une des couches de matiere 
d'obtu ration optique est themiophotochrome. 

26. Une structure telle que revendiquee dans une quel- 
^ conque des revendications 1 a 23, dans laquelle la 

couche ou au moins une des couches de matiere 
d'obturation optique est eieclrochrome. 

27. Une structure telle que revendiquee dans une quel- 
25 conque des revendications 1 a 23, dans laquelle au 

moins une des couches de matiere d'obturation op- 
tique est themiochrome. 

28. Une structure telle que revendiquee a la revendica- 
30 tion 27, dans laquelle une desdites couches de ma- 

tifere d'obturation optique thermochrome (502, 509) 
est piacee sur les couches de revdtement tant ex- 
terne et qu'interne (511 . 515), la couche d'isolation 
themrttque comprenant un ou plusieurs revStements 
35 transparents de faible emissivite places de maniere 
adjacente k une ou plusieurs couches de vide ou 
de gaz. 

29. Une structure telle que revendiquee d la revendlca- 
40 tion 28, dans laquelle la couche transparente d'iso- 
lation comprend au moins deux couches ecartees 
formant au moins un compartimentcontenant un vi- 
de, la couche de recouvrement interne transmettant 
principalement renergie solaire. 

45 

30. Une structure telle que revendiquee k la revendica- 
tion 28, dans laquelle la couche transparente d'iso- 
lation comprend au moins deux couches ecartees 
formant au moins un compartiment contenant un vi- 

50 de, la couche de recouvrement interne absorbant 
principalement I'energie solaire. 

31 . Une structure telle que revendiquee a la revendica- 
tion 28, dans laquelle la couche transparente d'iso- 

55 lation comprend au moins deux couches ecartees 
formant au moins un compartiment contenant un 
gaz, la couche de recouvrement interne transmet- 
tant principalement I'energie solaire. 
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32. Une structure telle que revendiquee k la revendica- 
tion 28, dans laquelle la couche transparente d'iso- 
lation comprend au moins deux couches ecartees 
formant au moins un compartiment contenant un 
gaz, la couche de recouvrement interne absorbant s 
principalement I'^nergie solalre. 

33. Une structure telle que revendiquee dans une quel- 
conque des revendications pr6cedentes, dans la- 
quelle au moins une des couches de recouvrement io 
interne et externe et la chicane de convection pre- 
sente au moins un revetement antl-reflechissant 
(501 -510). 

34. Une structure telle que revendiquee & la revendica- 15 
tion 16, ou dans Tune quelconque des revendica- 
tions 17 ^ 33 dans leur dependance de la revendi- 
cation 16, dans laquelle le rev§tement ou chaque 
revetement anti-reflechissant (501 - 510) presente 

un gradient d'indice de refraction et est realise k 20 
partir de soit un polymere fluore soit un oxyde d'alu- 
minium ou de slliclum poreux ou colonnalre. 

35. Une structure telle que revendiquee a la revendica- 
tion 19, dans laquelle ladite structure comprend 25 
supplementairement une finition interieure prefabri- 
quee. 

36. Une structure telle que revendiquee k la revendica- 
tion 35, dans laquelle ladite finition interieure est 30 
choisie k partir d'une peinture. d'une matiere plas- 
tique, d'un papier mural, d'un pidtre, d'une feuille de 
roche, de carreaux acoustiques ou de bois. 
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FIG. 4 
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